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Workshops This Year

EIC Opportunities for Snowmass (25-29 January 2021)

https://indico.bnl.gov/event/9376/ e
Organizer: Abhay Deshpande, Ciprian Gal, Swagato Mukherjee, Yen-Jie Lee —— | ————

G pp@rtunities
OppOrtunities at the LHC (4-10 February 2021) at the |_|-|c

https://indico.cern.ch/event/975877/
Organizer: Jasmine Therese Brewer, Aleksas Mazeliauskas, Wilke van der Schee

Heavy lons and New Physics (20-21 May 2021)

https://indico.cern.ch/event/831940/
Organizer: Marco Drewes, David d'Enterria Andrea, Giammanco, Jan Hajer

Yen-Jie Lee EFO07 Highlights and Plans



https://indico.bnl.gov/event/9376/
https://indico.cern.ch/event/975877/
https://indico.cern.ch/event/831940/

EFO7 Parallel Session

m —12:00 PM Parallel Session G: EFO7

Conveners: Swagato Mukherjee , Yen-Jie Lee , Yen-Jie Lee
¢ Zoom Link - Meetin._.. Parallel G recording  ~
11:02 AM | Workshop Summary: Heavy lon and New Physics ® 14m

Speaker: Jan Hajer (Université catholique de Louvair

Workshop summary...

Heavy lons

11:16 AM | Workshop Summary: Opportunities of 00 and pO collisions at the LHC ®14m
Speaker: Wilke van der Schee (CERN

talk_snowmass.pdf

11:30 AM | LEP jet studies and its implications to future EIC measurements ®6m
Speaker: Yi Chen

20210902_EEJetEIC...

11:36 AM | Heavy Flavor @ EIC ®8m
Speakers: [van Vitev (Los Alamos National Laboratory) , Stephen Sekula (Southern Methodist University) , Xin Dong (Lawrence Berkeley

National Laboratory)

Snowmass-EF07-He...

| Jets @ EIC ®8m

E I C Speakers: Prof. Miguel Arratia (University of California, Riverside & Thomas Jeffe National Laboratory) , Zhongbo Kang (ucLA

6 speakers,
~20 participants

Snowmass Jets EIC...

11:52 AM | Gluon saturation @ EIC ®8m

Speaker: Bjoern Schenke (BNL

Schenke-Saturation....

Crnowr{ass 2027
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Heavy lons and New Physics

= Second successful workshop on New Physics searches in heavy ion collisions

= Potential New Physics (more than presented in this talk)

- Magnetic monopoles 2018 workshop First workshop resulted in
= Axion-like particles CP3 - UCLouvain S contribution to 'European Strat-

December 4-5 2018584 , | egy for Particle Physics’ (ESPP)
= Sexaquarks e
= Dark photons
= Soft New Physics
» Long-lived New Physics

New physics searches with heavy-ion
collisions at the CERN Large Hadron Collider

Roderik Bruce®, David d’Enterria®*®®, Albert de Roeck?,
Marco Drewes®®, Glenngs R Farrar”®, Andrea Giammanco™®,
Oliver Gould®, Jan Hajer*®, Lucian Harland-Lang®, Jan Heisig®,
John M Jowett' @, Sonia Kabana”'®, Georgios K Krintiras>'"®,
Michael Korsmeier®>° Michele Lucente®®,
Guilherme Milhano™2, Swagata Mukherjee®,
Jeremi Niedziela®®, Vitalii A Okorokov*®,
Arttu Rr;\lja.ntie15 and Michaela Schaumann’

J. Phys. G 47 (2020) 6, 060501
e-print: 1812.07688 [hep-ph]

Michaela Schaumann

HEAVY ONS AND

= Connection to

mmunities to explore

= Cosmic ray air showers - e

eraction with

each other to discuss new ap well as practical and fundamental
n I t limitations, and to form collabora s for future research.
/ ’ -_—  — 2
e p 0 n g Regls(mnon: agenda.irmp.ucl.ac.be/event/3186

= Gravitational waves =

Jan Hajer

Crnowl{assn 2027
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Hl and NP: ALP Search

2021

Ultra peripheral HI collisions Exclusion with 2.2 nb~!

Pb Pb(*) Existing constraints from JHEP 12 (2017) 044
3
=
= 10TF
Y é LHC
Y- y+inv. (pp)
v Ml
10° fete~ s y+inv.
PrimEx
CMS yy - (2019) 134826]
Pb Pb(*) L
107" £ Beam-dump ATLAS ATLA (this paper)
Magnetic field in 5.02 TeV PbPb 10 10 10" 10° 10 10 [160";/]
m, [Ge

|B| ~ 4-101° T ~ 7GeV?

« ALP and Monopole searches: rely on the large EM

field in heavy ion collisions.
« Performance with MoEDAL, LHCb, CMS, ATLAS and
ALICE presented in this workshop
I .
I I I I I Yen-Jie Lee EFO7 Highlights and Plans

T g OPAL, 2y
E 10~ k ATLAS, 3y, p-p @s =8 TeV
- e i CMS, 27, Pb-Pb @f5 = 5.02 TeV.
ol {1l \\1_ V-Pb-B @fs = 02 TeV
: b T

-5
= r |
- YY = 7Y, Pb-Pb @ (s, = 5.5 TeV
--------- This work, Forward Selection, L = 0.2 nb™

107 | sasuass This work, Forward Selection, L = 4 nb™
[N This work, Central Selection, L = 1nb”
E | Knapen et. al, Central Selection, L = 1nb™
I T
]

10 s 20
m,[GeV]

Projection with LHCb

107

Expected to surpass current limits

for masses below 5 GeV
|

Light ALPs also accessible @ ALICE

Potential New Physics search with-
out competition by CMS or ATLAS

Jan Hajer
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Hl and NP: Tau g-2

anomalous magnetic moment Measure in HI
g'r - 2)/2 b

~

7

Constraint from DELPHI 6; ‘3“2nb::, 5% Sys.
—0.052 <« ar < 0.013 ; *2nb", 1% sys.
I — Sg 20 nb™, 1% sys.
poorly constrained due to short i | :

lifetime

Expected significance [std. deviation]
w

1 I 1 1

cnscfocccnccaieadeccccccnscndoccccccscafocafeccccncachafoccnaana

STCTVITI TSNS | S (SR M-, " E—

_ %03 002 -001 0 o001 002
Jan Hajer

Yen-Jie Lee EFO07 Highlights and Plans

o_
£ g

* Rely on the large EM field in
heavy ion collisions to produce
tau leptons.

Significant improvement on a,
expected with 2-20 nb-1 of PbPb

Pb+Pb, 2 nb"'; 5% sys
Pb+Pb, 2 nb', 1% sys JUN

Pb+Pb, 20 nb'!, 1% sys I

lllilllilll l 11 1 l 11 1 t 11 1 l L1 1 l 1 1 1 ] 11 | l 1 1 |
012 -01 -0.08 -0.06 -0.04 0.02 0 002 004 006 008

95% CL limit on a,

Cnowrasn 28927




HIl and NP: Sexaquark

S = uuddss So far not excluded Exclusion bounds on § — AA
spin, colour, and flavour singlet B Despite searches for the H-J effective Yukawa coupling
0.1 ‘ T - - . r :

dibaryon with same quark content

: |9 BBN/Ly-a
Because search relies on  Fypernuclel it

RELIC ABUNDANCE

|/

= unstable particle

= interaction with A

Tightly bound and compact ol |
However SNQ D-Sev
rs ~ 0.2fm I IR R =
S is similar to neutron -
I - Theory (b =0)

Dark matter candidate

. . . . s * . _4-
Quasi stable with 2ppm /2, &~ 5 {m:n:S}~{1:0.01:10
WIthOUt free parameters 1560 16I00 17I00 18I00 19I00 20I00 21‘00

. Sexaquark-to-baryon density ratio can be predicted by et ms [MeV]
simple statistical arguments in the QGP-hadronization g Proposal
transition with known QCD parameters (quark masses

s> tuniv |

e

/" TSNO+NFM]

I
1

and Toep) to be =4.5 = 1 search in HI collisions
Reply on heavy ion collision to produce sexaquarks behind a neutron absorber shield

Yen-Jie Lee EFO07 Highlights and Plans 7




OppOrtunities at the LHC

1. Workshop was a success

©)

®)

2. One crucial discussion point: the colliding energy
o Maximum magnetic field: around 7 TeV

©)

On average 186 unique participants per day over 5 days
Many new computations and projections

June CERN council:
Potential OO pilot run = Special run
Full LHC exploitation

Yen-Jie Lee

G ppl)rtunities

"/D\l Full LHC exploitation : Oxygen run and SND

Special 0-O and p-O run

O Physics motivations: study of emergence of collective
effects in small systems; measurements relevant for
cosmic rays (extensive air shower modelling), etc.

O Experiments requested ~ nb for each of OO and pO.
~ 1 week (including commissioning), most likely in 2024

O No impediment from accelerators but radiological
impact of high-intensity oxygen beam requires
mitigation measures and additional beams stoppers
to be able to access Booster when LEIR operates.

O Needed resources allocated in this MTP

EFO07 Highlights and Plans

at the LHC

Jasmine Therese Brewer, Aleksas Mazeliauskas, Wilke van der Schee

But perhaps no pp reference available? It is however difficult to lower the energy

Wilke van der Schee

8 _‘57 nouo/[{ ﬂ-—:l.fl;.? (92 ;



PO & OO: Muon Puzzle in Cosmic Air Shower

Muon puzzle in cosmic air showers

e (Cascade of energetic collisions, producing muons and photons

* Difficult to simultaneously predict

e  Number of muons

* Depth of air shower (in air density units)

0.8 -

0.61

ref
u

—InN

0.4

(InN,)

0.21

Based on Ulrich et al.

0 0_ PRD 83 (2011) 054026

nd Auger: PRD 91 (2015) 032003

Lines: EPOS-LHC P

E=10%eV |

700 750 800 850
Kiax) | g c0™2

Wilke van der Schee

Yen-Jie Lee

Direction from particle arrival times
Energy from size of fluorescence light
Mass from depth of shower maximum
and size of . component

Shower depth and Mass
Max  Difference Fe to p: 100 g cm-2 deeper

N Number of muons and Mass
KL Difference Fe to p: 40 % more muons

EFO07 Highlights and Plans

< /(dE
E.. = — dX
o /0 (dX) ionization

Experimental accuracies
Direction 0.5-1.5°__,

Energy 10 — 20 %, 14 %,
Xiax 15-25gem™?,. 10 %, of A(p,Fe)
N, 20 %t 25 %, of A(p,Fe)

Cnowrasn 28927




PO & OO: Muon Puzzle in Cosmic Air Shower

Muon puzzle in cosmic air showers

e (Cascade of energetic collisions, producing muons and photons
* Difficult to simultaneously predict

*  Number of muons
* Depth of air shower (in air density units)

LHCT: this is were most of the energy
is deposited (ends after run 3)

llll' T T T IIIIII T IIIIII] T T T IIIIIL.Q T T T 171 pl)@]3TCV

700 —
= - Tevatron f LHCb LHCb L F
2 - +*
£ B % = WK
= = 10" !
~ eo0f Z mp
I =
2 = L
z e . _ N 1004 . '

. 2 ey [ [
% : ““““““““““““““ l o § ]
S 40— g Z
(7] ® -
g 300m —— SIBYLL 2.1 s
o R T SIBYLL2.1,0, > 1.2 &
I SIBYLL 21,0, ,x0.8 —
200 T | i | lllllll 1.1 lIllllI 11 llllu] | 10 | IlIlIlI 11 llHlIl || lllllll 11 Illllll 1.1 lllllll 1 e
102 10" 10" 10" 10" 107 10" 10" 10%
i '
Wilke van der Schee Energy [eV] n 1

- —
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PO & OO: From pQCD to Thermal

» Strangeness enhancement from ALICE particle @  ETT T
ratios measurement s F B LT YT
@ %) i
O p— : @mane '
. . C o : - e WP g PROIBEEE8 8 |
« Effect increases with multiplicity, not described &%10 ! P ;
by PYTHIA. Not yet fully understood. - SQIMEEPRIEE BENET ¢ ¢ 044
. A/n |
. . . 2 | [ I -
« OO: provide unigue opportunity to smoothly 107E g/n (oupimpamaon s :
connect pPb and PbPb e ELE
PBPbG. : Y R
proposed [1812.06772] $“PbPb 30-50% 103 /= il
i . g E (x0.50) " u =
i | XOXR XeXe 30-50% | E w8 B2 L :
E —> _ & PbPb 50-70% § - pos -
= | =& ArAr @ XeXe 50-70% - Q/n ~ :
8 I w il ALICE il
\Z/ 10 L OON bePb 70-90% i 10 E O-O = Projection \/s,, =6.37 TeV - L =1nb" §
; pPb &  XeXe 70-80% : - pp Vs =7TeV \s=13TeV -
[ OoAr o - p-Pb O |5, =5.02TeV VSp = 8.16 TeV
_p, - " Pb-Pb= (Preliminary) \s,, = 5.02 TeV i
1 ¥ ' L ' T 10—5—_111111 Ll L ool Ll S
10 (Npart) 100 1 10 102 10°
<chh/d ,7>|1}|< 0.5

Wilke van der Schee

. -
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PO and OO: Jet Quenching In Small System?

ALEPH e*e” — hadrons, Vs = 91GeV
NOI"e > 35, |co

—_—
pE° > 0.2 GeV

Thrust coordinates

1. There seems to be flow
° Quite some modeling, but everything consistent with hydro (does not prove hydro!)

2. But: nuclear modification > 1: no (naive) jet/hadron energy loss

Wilke van der Schee

. 27.4 pb™ (pp) + 35 nb' (pPb) + 404 ub™' (PbPb) 5.02 TeV

T B R, [0 T, uncertainty CMS |
| [®1Rpa [ Taa uncertainty .
1.5-m_ <1 1 pp lumi. uncertainty

Nuclear modification factor
o
[6,] —_

Yen-Jie Lee

PPb sy =502 TeV, 220 < N2 < 260

PbPb \[s = 2.76 TeV,220 < NI < 260

p1 (GeV)

EFO07 Highlights and Plans 12 gnoud[{ﬂddg&‘?f



“Anti-k; Jet in e*e collisions

1 ! | y
Uk Bl ) xample result: |et spectrum
|
1 Jet - <
MPI sle
/ ﬁ’ﬁ Z — JJ peak
¢ e P 1o ALEPH Alrch,iveld Data 1994, el*e' .‘E =91.2 Gclev _ . éLI]EP}]-i Alrch'iveld Data 1994, el+ e .\E,: 91.2 G?V —
JJ/ N‘sk BT Preliminary Tt Preliminary g
g 3x107'F Antik_jetR=0.4 - Anti-k _ jet R = 0.4 B
d 027 <9]e‘<0.87t 3 - 0.21t<9m<0.31t =
J Jd’ ﬁ2><10‘1— B Data o™ | | R 0.15'_ Leading dijet N _— —
PDF convolution  E ke T 5 | =D ‘ ] ®
Better control of No longitudinal control = :@ 107" HERWIG 7 B ia_ - ==PTHRs { 8
event kinematics More ISR =[5 [ —suenea - | ey . =
MPI (]>) 2 5o ® TR Zs i — SHERPA Q
L "D T 4x10? | & - — PYQUEN o
. . . ‘pn - 3x1072 0'05_ T_D:
Since the end of LEP operation, significant [ : 2 —
.. . ey . - 2x107? - 1 i e @)
progress has been made in jet definition and jet — Y EPE S i -
. 1.4 - 4k \ >
algorithms: g b N s F =
. (=) ik \ <R
» Jet substructure observables have been widely 2 b FR:
explored in pp and HI collisions g osf \\; = 8 osf -
* Novel tools for jet flavor identification, EW boson & R 0610- T S =
top tagging and studies of QGP Jet E (GeV) Jet E (GeV)
 However, those techniques are not yet used in e* e
L : : o o
annihilation data Agreement of simulation 10-20% level (up to 40%)
Yi Chen https://arxiv.org/abs/2108.04877 L }

Crnowl{assn 2027

.
I I I I I Yen-Jie Lee EFO07 Highlights and Plans 13



https://arxiv.org/abs/2108.04877

Jet @ EIC

The EIC, a jet factory, will make the first jets
in nuclear DIS and proton-polarized DIS

V.

\ "\‘ \

High Q2 DIS Diffractive DIS dijet

High Q2 DIS dijet

v 4

Photoproduction dijet Low Q2 iet CCDIS jet

Miguel Arratia

.
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We will probe unexplored aspects of the theory of
strong interactions that govern
the “evolution” of the 3D structure with energy

Proton probed at low Proton probed at high
resolution (low scale) resolution (high scale)




Miguel Arratia

Example: New H1 measurement

f\) 1 1 1 1 L] I ==t 1 T
o ;
R l“l = { -
2 E v 2 H~1 vx72]
K=y - : -...W Q* > 150 GeV=3
- i ., 02<y<0.7 ]
S 4 * Pt > 10 GeV
g 3 * kr,R=10 3
.b'—' .. -
= 23
i
il . |
10 A :
‘ v
® Daa A CAscADE set 1 o >
| 00 PyrHiA 83 V CAsCADE set 2
10-2 P> Herwic 7.2 <= NNLO @ NP "0
E O DJANGOH =+ TMD (LO + NLL) E
C €8 RarcaP g i
| | 1 | | 1 | | | | L I 1 1 =]
15 artificial horizontal marker offsets added for clarity
:_':\"j_ D [ T | PR | _|_|_|_‘_ T b T LI SR T 10 5 | T T
a A <
g % : 5 \
';;:' vl v
; () r)’ | ) h L N i [ l (AL l P I >
102 T 0
10 10 10

Yen-Jie Lee
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New H1 measurement hitps://arxiv.org/abs/2108.12376
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Development of Jet Substructure Observables

Jet substructure, the key to novel TMD studies

Groomed

WTA

\

4 Standard

Miguel Arratia

Yen-Jie Lee

Recent example:
“T-odd jets” (arXiv:2104.03328)

recoiled hadrons
A

—— l

/

b

WTA axis

FIG. 1. Origin of the jet T-odd contributions. The WTA jet
axis lies outside the plane by the spin S and P;,, to allow
for the asymmetry due to the quantum correlation between
parton’s spin and its hadronization about the plane.

EFO07 Highlights and Plans

Grooming

Gutierrez et al. JHEP 08 (2019)
161 . Makris et al. JHEP 07
(2018) 167

Jet axes

Cal et al. JHEP 04 (2020) 211,
Niell et al. JHEPO4 (2017 )020
Liu et al. arXiv: 2104.03328

Declustering?
arXiv:2103.16526




Heavy Flavor Physics @ EIC

A. Sadofyey, F. Olness, S. Moch, P. Wong, D. Shao, X. Li, Y. Makris, Y. Zhao, Z. Liu

» Density effects on parton propagation et
in e+A collisions and hadronization

T Clc_Dlls‘ ]oge\\ix\z?sleev‘ Q2>1IUU Geyz T T T 1 11

ERs-High .
‘FRs-Mid =~ R

Rs-Low @

.
0 N

ssed Strangeness

1.4

—— :

« Charm jets as probes of strangeness
at the EIC

0.4 e (‘.;T‘l%ﬁ;;.ml‘l.ﬂ(inle:m%e&iatestrange:}... - ; .; :

Relative Variation to Suppre

0.6 ’ StaL .U,m;enaint.x leéLuw NNLO, SIénpmsaed.s.Lr.ansjE] 1

. .n;s.méhu!ua.(gnpaim.;m sﬁﬂmjﬁ]; ..... 100 fb-] :

102 107
Reconstructed X

o
=1\~

Stephen Sekula

Cnowrasn 28927
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Heavy Flavor Physics Goal and EIC Detector

» Deciphering QCD — nuclear PDFs ; oot +I

and nCTEQ FC1a l !
FZD 1.1 1
 The Heavy Flavor Schemes at EIC .01 mi g-:hl""";t{""
0.9 } gﬂa?ﬂﬁﬂ’

« A Forward Silicon Tracker for the 6o 0z oa o5 o 10
Future Electron-ion Collider |
Experiments T T

emimemiminem BMSNpopp

Stephen Sekula

Crnowl{assn 2027
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Heavy Favor Observables @ EIC

« Heavy Flavor dijets and the Sivers

asymmetry

« Quarkonium production
mechanisms at the EIC

« Measurements of heavy flavor
mesons and hadronization —

Projected hadron ReA vs z,

< =
x “F & D°(D)stet. n:-2100
g LE D° (DY sys. 1 -2t0 O
8 E o

: Theory 1 210 0
S 1E (5=6326ev U
8 E
BT
e 0.9:— [ ] [ ] é ‘I‘
g o ’ b4 T
5
=

osf-  etpint Lumi.: 10fb™
F  e+Auint Lumi. : 500 pb™

Eecnclicnasi
0 01 02 03 04 05 06 07 08 09

hadron momentum fractionz,|

I - -
I I I I Yen-Jie Lee

Nuclear modification factor R,

P —

0.15

[
p/A %
(a) (b)
Projected hadron ReA vs z, Projected hadron ReA vs z,
. s F
13f o 13F
E o] C
- i} E
1.4- & 1.2:
1.1;— % “;_ . +
095— ; = 095—
of. @ D@)stat 02 $ £ 1 o Psetnanis
F B 0° (") sys. n: Ot 2 : 2 E30°®)sys. 21035
07F il Theory m: Oto 2 O7F &4 Theory m: 2t0 3.5
OEO'“.-O.ll“uolzn16‘13.“noll{..blsunb‘lé..bl_;nnno‘lsxn'nolgn‘“l OED..“‘0,11.“2),12““0.3‘“2)11““0_'5“‘;)_]6“ sl i3 (l)lg““

hadron momentum fraction z |

hadron momentum fractionz,|

EFO07 Highlights and Plans

EIC 20 GeV x 260 GoV, bottom jots

Res

ot V\‘/u mass

00 01 02 03 04
gt /P1
(c) (d)

Stephen Sekula

19
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Gluon Saturation @ EIC

The boosted proton Observables

Inclusive: Structure functions
Semi-inclusive: dihadron, dijet correlations
Diffractive processes: e.g. ratio of diffractive and

. ] total cross-section, vector meson production, ...
Using heavier ions helps with accessing the saturated regime
l At <1/AE l < 10 »

% ;\ Qs quark Model-I
O] BRER — Au, medianb --- b=0

z o L s — Ca, median b
(@] — p, median b

1
momentum

Xg, % 300

for the most recent review: A. Morreale, F. Salazar, Universe 7 (2021) 8, 312 - e-Print: 2108.08254

10 10° 102

Bjoern Schenke

.
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Reveal The Genuine Saturation Effect

Matching TMD and CGC frameworks at small-x
CGC, improved TMD, and TMD frameworks

€

>

Mantysaari, Mueller, Salazar, Schenke. 1912.05586
Boussarie, Mantysaari, Salazar, Schenke. 2106.11301

kinematic genuine 4
d d +0 il +0 Qs)
o = do ~
CGC = doTMD QJ_ 0. Q 1 P s Q
4 TMD valid k;,Q, < Q| ) dorrvp ( Improved TMD valid O, < Q, N

transverse momenta larger than

back-to-back hadrons/jets saturation scale

and transverse momenta larger than sat

see also: Dominguez, Marquet, Xiao, Yuan. 1101.0715,

scale Altinoluk, Boussarie. :I902.07930, Boussarie, Mehtar- No need for back-to-back!
Bjoern Schenke \_ ) Tani. 2001.06449 k )

Yen-Jie Lee EFO07 Highlights and Plans 21
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CGC vs. ITMD and TMD

Matching TMD and CGC frameworks at small-x

Kinematic and genuine saturation effects at the EIC

Boussarie, Mantysaari, Salazar, Schenke. 2106.11301

Differential yield Momentum imbalance azimuthal anisotropies
* = 5 I ‘ ‘ I ' ‘ ‘
10764 +rAu—=qg+q+X +« CGC/| - Yr+Au—qg+q+X 2 | | |
Yit+Au—q+q
(0}
-5t
S
‘5-10 -
S
-15 | 1
P, =4 GeV Pr=4Gev . CGC
o0l z= 05 * CGC 2= 05 TMD| |
A0 1% % % % % % % ox % % ¥ F E———K - i - ITMD/| | 9 9 —— TMD
=P Q* = 10 GeV? -~ T™D Lo
0.6 - ‘ ‘ . . w - 25 J : ' : ‘ ' 0o 05 1 15 2 25 3 35
0 05 1 15 2 25 3 35 0o 05 1 15 2 25 3 35 ki (GeV)
ki (GeV) k, (GeV)
CGC shows further suppression relative to Anisotropies modified in ITMD and CGC

(I)TMD in back-to-back limit

Bjoern Schenke

. -
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Summary and Plan

 New Physics in HIC:
 ALP searches, monopole, tau g-2 and sexaquark
* Preparation for the Snowmass document

Physics with pO and OO collisions:
« Important data for cosmic ray physics
 Reveal jet quenching effect in small collision systems

Jets in e*e: reference to pp, EIC and HIl data

EIC Physics:
Yellow report has become public
 New developments in the EIC detector design for jet and heavy flavor physics
 New developments on jet related observables
« Advance in revealing the genuine saturation effects and NLO computation on the gluon saturation
observables

« Convert the collected inputs to Snowmass documents
NP LRP timeline: to be decided by the end of the 2021

Yen-Jie Lee EFO07 Highlights and Plans 23




« Backup slides
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 EIC topic coordinators:
« Heavy Flavor @ EIC:
* Proton tomograph @ EIC for HEP applications:

e Gluon saturation @ EIC:

« EW&BSM @ EIC:
e Jets @ EIC:

. -
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» HIC topic coordinators assigned
« Search for New Physics with Heavy lon Beam:

Quarkonia and exotic hadron production in relativistic heavy ion collisions:

Ultra Peripheral Heavy lon Collisions:

High Density QCD in Small Collision Systems:

Heavy Flavor Production in Heavy lon Collisions:

Jet and Jet Substructure in Heavy lon Collisions:

EW Physics in Heavy lon Collisions and the Impact to nuclear PDF:

. -
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Magnetic Monopole

Magnetic monopoles

Magnetic field in 5.02 TeV PbPb § ATLAS 2019 @ Instanton tunneling action
|B| ~ 4-101°T ~ 7 GeV? PAARASARARLE [ oc e Sinst

s =13 TeV, 34.4 fb' -

Magnetic charges Monopole Schwinger production

V.-B=pm,V xB=-0:E—je 83
Needs strong magnetic field

Dirac quantisation

: Ay s 1 M Time dependence
g € goZ with gp = 27/ e et L0 Prodcin P | |
[ B, N 70T ] enhanced production for rapid
1000 2000 3000 4000 5000
pulses

m [GeV]

Drell-Yan crosssection is wrong Spatial inhomogeneity

e g=2r/e Duality Effect not known

AOSTe CANNT Solitonic monopole size

i ] Because gp ~ 20.7 > 1 P :
E N R, , : Enhances production

10002000 3000 4000 5000 Process is non-perturbative

Mass [GeV]
Jan Hajer
I
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